BACKGROUND: Simulation experience alone without debriefing is insufficient for learning. Standardized multimedia instruction has been shown to be useful in teaching surgical skills but has not been evaluated for use as an adjunct in crisis management training. Our primary purpose in this study was to determine whether standardized computer-based multimedia instruction is effective for learning, and whether the learning is retained 5 wk later. Our secondary purpose was to compare multimedia instruction to personalized video-assisted oral debriefing with an expert. METHODS: Thirty anesthesia residents were recruited to manage three different simulated resuscitation scenarios using a high-fidelity patient simulator. After the first scenario, subjects were randomized to either a computer-based multimedia tutorial or a personal debriefing of their performance with an expert and videotape review. After their respective teaching, subjects managed a similar posttest resuscitation scenario and a third retention test scenario 5 wk later. Performances were independently rated by two blinded expert assessors using a previously validated assessment system. RESULTS: Posttest (12.22 Ϯ 2.19, P ϭ 0.009) and retention (12. 80 Ϯ 1.77, P Ͻ 0.001) performances of nontechnical skills were significantly improved in the standardized multimedia instruction group compared with pretest (10.27 Ϯ 2.10). There were no significant differences in improvement between the two methods of instruction.
CONCLUSION:
Computer-based multimedia instruction is an effective method of teaching nontechnical skills in simulated crisis scenarios and may be as effective as personalized oral debriefing. Multimedia may be a valuable adjunct to centers when debriefing expertise is not available. Ful l-scale mannequin simulators are increasingly recognized as useful educational adjuncts and are predominantly used to teach the management of clinical crises. Crises are clinical events that occur rarely, but are "high stakes" situations associated with significant morbidity and mortality.
1 Simulation provides a patient-safe environment to learn the management of these crises. 2 Nontechnical skills have been shown to be major determinants of successful anesthesia crisis management. 3 Nontechnical skills are those that do not relate to medical knowledge or technical procedures but instead encompass cognitive skills (e.g., decision making, situation awareness) and interpersonal skills (e.g., exchanging information, assertiveness). A comprehensive and reliable assessment tool for nontechnical skills has been developed: the Anesthetists' Nontechnical Skills (ANTS) system. 4 The number of mannequin patient simulators in medical education has expanded rapidly in the last decade. 5, 6 Despite their popularity, their use may be limited by several factors. First, anesthesiologists have identified a fear of judgment by peers as a barrier to using simulation. 7 Second, a relative paucity of simulation debriefing expertise prevents maximum implementation of simulator-based education. Finally, simulation is associated with a significant operating cost, which can strain limited education resources. 8 One way to address these limitations is to explore novel adjuncts to simulator education. This study evaluates the effectiveness of computer-based multimedia instruction as an alternative to personal debriefing. A standardized computer-based multimedia model offers several advantages compared with the traditional oral and video-assisted oral debriefing. First, participants control the pace of the debriefing, which engages the learner and may help to hold their attention. Second, debriefing in the absence of an instructor or peers may decrease anxiety. Finally, experts have noted anecdotally that junior trainees make similar errors in similar simulated scenarios; thus, debriefing for a particular scenario can be standardized.
Computer-based multimedia instruction has been used to successfully teach a variety of medical and nonmedical technical skills, including simple surgical skills, advanced cardiac life support (ACLS), and aviation. 9 -11 The question remains whether a multimedia computer program can provide the cognitive framework necessary for learning complex crisis resource management.
The primary purpose of this study was to determine whether computer-based multimedia instruction is effective for learning and whether the learning is retained 5 wk later. The secondary purpose was to compare multimedia instruction to personalized video-assisted oral debriefing with an expert.
METHODS

Participant Recruitment and Orientation Phase
After IRB approval (St. Michael's Hospital, University of Toronto, Ontario, Canada), 30 anesthesia residents in their first and second year of training at the University of Toronto were approached to participate as subjects. In addition to informed consent, confidentiality agreements were obtained to ensure that the content of the simulation scenarios was not disseminated before study completion. All subjects were given a structured orientation to the simulation environment. Orientation consisted of familiarization with the simulated operating room, SimMan mannequin (Laerdal Medical Canada), anesthetic cart, drugs and anesthetic gas machine. After orientation, participants completed a questionnaire of demographic data and previous simulator experience.
Study Design
This study used a prospective randomized design with two treatment groups: traditional personalized video-assisted oral debriefing or a standardized computer-based multimedia debriefing. Randomization was performed using a computer random number generator and sealed envelope technique. Randomization was stratified for subjects' level of training.
All subjects managed three ACLS resuscitation scenarios. Subjects were aware that all scenarios could be managed with knowledge of ACLS, and they were asked to review their algorithms before their simulation sessions. Subjects' review of ACLS was confirmed verbally by the investigators for all subjects. Anesthesiologists with simulation expertise developed scenarios using a subjective iterative process with a goal of equal complexity and duration. All scenarios were then piloted with attending anesthesiologists not involved in scenario design and scored on a 5-point Likert scale to confirm similar complexity and consistency in execution. One scenario consisted of bradycardia and hypotension secondary to pacemaker failure. A second scenario consisted of pulseless electrical activity secondary to hypovolemia. A third scenario consisted of ventricular fibrillation secondary to cardiac ischemia. In each scenario, participants played the role of the primary anesthesiologist. Simulation center staff and one investigator functioned as perioperative personnel in each scenario in the scripted roles of surgeon and nurse. A second investigator played the scripted role of a colleague anesthesiologist who was available to help and to perform tasks when directed but did not offer crisis management advice or differential diagnoses. All three cardiac arrest scenarios were set in the operating room and lasted 10 min.
All subjects managed a first scenario as a pretest. Management was recorded with full video, audio, and a real-time monitor overlay that included heart rate, arterial blood pressure, oxygen saturation, electrocardiogram, and end-tidal carbon dioxide.
After the pretest, subjects received one of two types of instruction according to their randomization. Subjects in the personalized video-assisted oral debriefing group received a constructive critique of their management of the pretest scenario focused on their crisis management and nontechnical skills from an experienced instructor. 12 A videotape record of the subject's management of the scenario was used to highlight good demonstration of skills and identifying skills that would benefit from improvement. Debriefing concluded after all the subject's questions and instructor's observations were addressed.
Subjects in the standardized multimedia group received instruction through a standardized multimedia presentation that was learner controlled with a computer. The multimedia presentation was developed by the investigators to reflect four main objectives in crisis management: 1) planning and preparing, 2) calling for help early and announcing a crisis clearly, 3) distributing tasks to appropriate individuals, and 4) reevaluation. Subjects maintained control over the pace and review of material. The presentation used text, audio voice-over, and a set of digital videos. Unlike the personalized oral debriefing group, these videos were standardized reenactments scripted by the investigators to demonstrate poor performance in the management of a crisis. Each demonstration of a poor performance was followed by instruction, highlighting how performance could be improved by applying the four principles of crisis management stated above. The multimedia presentation would then follow with a demonstration of the same scenario with ideal management and application of the crisis management principles. Multimedia instruction concluded when subjects indicated that they had completed the module.
After debriefing or multimedia instruction, all residents immediately managed a posttest crisis scenario. After a period of 5 wk, all participants returned and managed a retention test scenario.
Scoring Performances
Two experienced simulator instructors/examiners independently reviewed the videotapes of the three tests: pretest, posttest, and retention test. Examiners were blinded as to the order of the performance they were scoring. Examiners were also blinded to identity and level of training of participants as well as the type of instruction they received and the sequence of the scenarios. Performances were scored using the previously validated global rating scale for nontechnical skills, the ANTS. 4 * The ANTS system consists of four categories: task management, team working, situation awareness, and decision making. Each category is scored out of 4, with 4 the highest score and 1 the lowest possible score. For each performance, the behaviors observed were scored at the category level and guided by descriptors of the component skill elements. Each subject also received a total ANTS score (range 4 -16) by totaling the scores of the four categories.
Statistical Analysis
Statistical analysis was performed using SPSS16.0 (Chicago, IL). Descriptive statistics were used to analyze demographic data. The interrater reliability was measured both for the total ANTS score and at the category level using the Cohen kappa coefficient.
Although the individual Likert scales that make up the ANTS scores are clearly ordinal in nature, these scores behave empirically as a parametric variable. Consequently, we, like other researchers, chose to use parametrical statistical analysis for our normally distributed data. [13] [14] The primary outcome was to detect differences in performance for the multimedia instruction group between pretest, posttest, and retention test, using the ANTS category scores and total ANTS scores. Our secondary outcome measure was to detect whether the changes in performance were different between personalized video-assisted oral debriefing and multimedia instruction using the ANTS category scores and total ANTS scores. Our results were analyzed using a two-way mixed design analysis of variance (ANOVA). The independent variables were "type of debriefing/instruction" as the between-subjects variable and "test phase" as the within-subjects measure. A mixed ANOVA was used because our variables were a mixture of "between subjects" and "within subjects." A Tukey post hoc test was performed for significant findings. A P value Ͻ0.05 was considered significant.
Sample size was calculated a priori for our primary outcome. In the field of psychology and education, an effect-size of more than 1.0 sd is considered large and acceptable for a given teaching intervention. 15 Thus, assuming an effect-size of 1.0 and a power of 0.8 for a repeated measures ANOVA with three tests for within multimedia instruction, we calculated a sample size of 12 subjects (␣ ϭ 0.05 two tailed). Conservatively, we recruited 15 subjects to account for attrition.
RESULTS
Demographics
All 30 participants completed the study. The videotape of one test in the multimedia instruction group was lost due to a recording malfunction. Participants' characteristics are summarized in Table 1 . There were equal numbers of first and second year residents in each group. The high ratio of male to female participants in each group reflects the demographics of our anesthesia residency. Most residents had completed ACLS training and the extent of previous simulator training was not statistically different between our treatment groups.
Interrater Reliability
The overall interrater reliability for the total ANTS score level was good: Cohen ϭ 0.68 (P Ͻ 0.001). At the category level, across the four categories, interrater reliability was also good: Cohen ϭ 0.62 (P Ͻ 0.001). In the standardized multimedia instruction group, all four ANTS categorical scores significantly improved from pretest when measured at posttest (all P Ͻ 0.01) and retention test (all P Ͻ 0.01) (Fig. 1) . For total ANTS scores, the posttest (P ϭ 0.009) and retention test (P Ͻ 0.001) total ANTS scores were also significantly improved when compared with their pretest scores (Fig. 2) . Therefore, the demonstrated effect of the standardized multimedia instruction was 0.9 standard deviations. In the multimedia group, retention test scores were not significantly different from posttest scores for all four ANTS categories (all P ϭ NS) and total ANTS (P ϭ 0.38) (Fig. 2, Table 2 ).
Secondary Outcome Measures: Comparison of Efficacy of Standardized Multimedia Instruction to Personalized Video-Assisted Oral Debriefing
Our groups were homogenous before their instruction modalities when compared with our pretest total ANTS scores (both P ϭ 0.14). The improvements in total ANTS score from pretest to posttest (P ϭ 0.97), pretest to retention test (P ϭ 0.94), and posttest to retention test (P ϭ 0.84) were similar for both instruction modalities (Fig. 2) . Therefore, our study demonstrated only a very small effect size of 0.02 standard deviations for instruction modality.
DISCUSSION
This study examined the effectiveness of multimedia instruction for learning and demonstrating crisis resource management principles. The results of our study suggest that standardized multimedia instruction is an effective method of improving the nontechnical skills of anesthesia trainees for crisis management and that these nontechnical skills are retained 5 wk after the instruction.
The use of high-fidelity patient simulators in medical training has increased significantly during the past few years. 5 Simulators have several perceived advantages over traditional patient-centered didactic training. The advantages include repeatability, standardization, the ability to simulate rare events and the lack of potential patient harm. 8 The strong face validity of high-fidelity simulation may explain the increasing use of simulators for training, despite the lack of clear evidence. 6 Our study confirms that anesthesia nontechnical skills are not only learned by practicing crisis resource management scenarios during high-fidelity simulation but are also retained for a period of at least 5 wk. Previous studies attest to the efficacy of simulator based education on the immediate acquisition of nontechnical skills. 4 However, these skills may not be used in clinical practice for a considerable duration of time after training. We have demonstrated that, after a period of 5 wk without instruction, there is no attrition of nontechnical skills. Grober et al. 16 demonstrated that simulator-acquired surgical skills are durable 4 mo later, albeit with considerable attrition. Further study is necessary to evaluate whether the nontechnical skills of crisis resource management in anesthesia are maintained for more than 5 wk. Whether these skills are retained in clinical practice is the fundamental question. It will be difficult, if not impossible, for clinical research to answer this question because of the paucity and unpredictability of clinical critical events in anesthesia. In the meantime, the simulator setting is an alternate way to test these crisis resource management skills.
A secondary outcome of this study was to compare multimedia instruction to a personalized videoassisted oral debriefing. Our results suggest that multimedia instruction may be as effective as personalized video-assisted oral debriefing. Although this was not the primary purpose of this study, the small effect-size between our teaching modalities reassures us that there is no strong educational advantage of one method of instruction over the other. 15 Personal video-assisted oral debriefings of simulated crises incorporate the key elements of adult learning: engagement with the learner, linking to prior knowledge, opportunity for reflection and feedback. 17 Although instruction and feedback are recognized as the critical factors in simulation learning, there are few studies examining novel alternatives to the current "gold standard" of personalized video-assisted oral debriefing. Computer-based learning is useful for training a wide variety of skills from reading to piloting aircraft. In the surgical field, multimedia learning has been used to help teach the procedural skills for laparoscopic surgery. 18 This study does not attempt to demonstrate why multimedia is effective, but we can speculate that multimedia-guided selfdebriefing incorporates the same principles of adult learning. Managing crises whether real or simulated is a stressful experience. Debriefing may also be viewed by participants as equally stressful because of the presence of senior expert supervisors who are often responsible for academic evaluations. This may cause participants to misinterpret their debriefing as a summative evaluation. It is possible that in the absence of supervisors, such as during a multimedia debrief, the stress of debriefing is diminished and therefore allows more efficient cognitive processes to focus solely on learning. In short, anesthesiologists have identified a fear of judgment by peers as a significant barrier to simulator use in continuing education. 4 Multimedia instruction may overcome this barrier.
Another key difference between personalized oral debriefing and multimedia instruction is that computer-based debriefing is self-guided. Participants have control over the pace and review of the instruction and, therefore, they may choose to focus on areas of concern. This encourages an active role in the instruction session and may allow review of selfperceived weaknesses; although, this was not measured. During personalized oral debriefing with an expert, the pace and direction of the session may not be determined by the participant and individual areas of concern might not be addressed.
Finally, a unique aspect of multimedia instruction is the standardization of the debrief content. All participants regardless of performance receive the same debrief information. Personalized debriefing by an instructor delivered orally is thought to be efficient because more time can be spent on areas of weakness and less on areas of strength. This approach might not always be appropriate as participants may benefit from a full demonstration of accepted good and bad performance. With multimedia instruction, participants may find it easier to model good performance rather than avoid poor performance. By depersonalizing the demonstrations, participants may feel less inclined to defend their individual simulator performances, focusing cognitive skills on learning instead.
This study has key limitations that may affect the clinical applicability of the results. We chose not to include a control group of participants deprived of the benefit of any type of instruction. Instead, we decided to use the current gold standard of oral debriefing as a control group against which multimedia instruction was compared. A previous study by our group has shown that trainees who do not receive any form of instruction demonstrate no improvement in nontechnical skills. We felt that residents should not participate in a study without some educational benefit. 19 All participants were orientated to the simulator before testing in an attempt to address the potential confounding influences of previous simulator experience and knowledge of the simulation environment. By assessing self-reported simulation experience, we found that there were no significant differences between the two groups. A further consideration was that subjects' performances on the retention test could have been improved simply by a further 5 wk of clinical experience, rather than retention of simulatorbased learning. We chose to measure retention at 5 wk, as opposed to a longer interval, to minimize the chance of exposure to clinical critical events and potential learning from these situations.
We have demonstrated that multimedia instruction is a useful adjunct to simulator training and may offer several distinct advantages over traditional personalized video-assisted oral debriefing. Using experts to debrief participants is time consuming and costly, and indeed experts may not be readily available. Multimedia debriefing allows simulator training to be independent of these restraints, which could result in expanded access to simulator training at a reduced cost of operation. By removing the fear of judgment by peers, multimedia instruction may also help remove one of the major barriers to simulator-based continuing education in anesthesia. We recommend multimedia debriefing as an effective adjunct to the simulator-based training of nontechnical skills.
